The expression of nerve growth factor receptor in colon from 20 patients with Hirshsprung's disease and 10 controls was studied immunohistochemically. The myenteric and submucous plexuses in the ganglionic bowel and hypertrophic nerve trunks in the aganglionic bowel displayed strong expression of nerve growth factor receptor. The most important finding was the identical localisation of nerve growth factor receptor immunoreactivity on the perineurium of both hypertrophic nerve trunks in Hirshsprung's diseases, and of normal extrinsic nerves, seen as a thick ring surrounding the nerve trunks. This suggests that the hypertrophic nerve trunks are of extrinsic origin and that nerve growth factor receptor plays a role in their development and maintenance.
There was strong NGFR staining of nerve fibres and ganglion cells of the submucosal and myenteric plexuses ( Figure A) . Numerous NGFR positive nerve fibres were present in the circular as well as the longitudinal smooth muscle layers. Serosal (mesenteric) nerves showed prominent staining of a thick perineurial layer in addition to staining of the nerve fibres ( Figure B ). This pattern of the perineurial staining seemed to be confined to extrinsic nerves as it was not present within the nerves of the muscle or submucous layer.
AGANGLIONIC SEGMENT OF HIRSHSPRUNG'S DISEASE Minimal NGFR activity could be detected in the nerves within the circular and longitudinal muscle of aganglionic colon. The most striking finding was the localisation of NGFR immunoreactivity on the perineurium of hypertrophic nerve trunks, seen as a thick ring surrounding the abnormal nerve trunks (which also stained) in both submucous and myenteric plexuses of aganglionic segment of colon ( Figure C) and resembling the pattern seen in the serosal (mesenteric) nerves of the normal and ganglionic Hirshsprung's disease colon ( Figure B) . 
Ĩ~~~~~~Ĩ~~~~~ĩ~~ĩ .F ''.~~~-6 Discussion
Immunohistochemical staining of colon from patients with Hirshsprung's disease showed the virtual absence of NGFR immunoreactivity in the circular and longitudinal muscle layers of aganglionic colon, whereas numerous NGFR positive nerve fibres were present in the smooth muscle layers of ganglionic colon. These results parallel findings of absent nerve fibres in the smooth muscle of Hirshsprung's disease using various other neuronal markers such as NADPH-diaphorase, neural cell adhesion molecule, S-i100 protein, neuronspecific enolase, neurofilament protein, glial fibrillary acidic protein, and D7 monoclonal antibody. 6 7 The most striking finding in this study was the strong expression of NGFR immunoreactivity on the perineurium of hypertrophic nerve trunks in the submucous and myenteric plexuses. Although NGFR immunoreactivity was present in the nerve fibres of the hypertrophic trunks, the perineurium was the region in which NGFR expression constituted most reactivity in the form of a thick ring surrounding the hypertrophic nerve trunk. This seems to be the first demonstration of perineural staining in hypertrophic nerve trunks using monoclonal antibody to NGFR. Perineural staining of hypertrophic nerve trunks in Hirshsprung's disease has not been reported with other neuronal markers.
Many investigators have attempted to determine the nature and origin of the hypertrophic nerve trunks found in the aganglionic segment of colon in patients with Hirshsprung's disease.8-11 It has been suggested that hypertrophic nerve trunks originate from intrinsic nerves and that the abnormality of nerve hypertrophy in aganglionic segments is due to an increased number of nerve fibres rather than to an increase in their size.10 In contrast, whole-mount studies have suggested that the hypertrophic nerve trunks are blind ending, bulbous terminations of extrinsic nerves.1I Our results clearly show that the pattern of NGFR perineural staining of hypertrophic nerve trunks in the aganglionic segment was identical to that seen in the serosal (mesenteric) nerves of the bowel. The strong NGFR perineural staining of serosal (mesenteric) nerves in the normal bowel was confined only to extrinsic nerves and was not present in the nerves of the muscle or submucous layer. This suggests that the hypertrophic, nerve trunks originate from extrinsic enteric nerves.
The functional importance of this finding is unclear. In the normal colon direct innervation of muscle is provided by the intrinsic nervous system. The action of this system is modulated by the extrinsic nervous system (predominantly composed of cholinergic fibres from the sacral parasympathetic system) through its synaptic connections with the ganglia of the intrinsic system. In Hirshsprung's disease the ganglia are absent and the intrinsic innervation is noticeably distorted with an appreciable reduction in intramuscular nerves but an increase in intramuscular cholinergic fibres. The extrinsic nerves, in the absence of ganglia, fail to connect with the intrinsic system and become hypertrophic,"I carrying a thickened perineurium into the bowel submucosa. This hypertrophy contrasts with the finding in other sites3 that during neural development fibres that fail to form synapses become atrophic, and suggests that there is a continuing trophic stimulous to the extrinsic nerves. Clearly NGF and its receptor play a role in this stimulus, possibly from NGF produced by the hypoinnervated colonic muscle or from the distorted intrinsic nerve plexuses. This study suggests that the hypertrophied nerve fibres in Hirshsprung's disease are of extrinsic origin and are a dynamic marker of the failure of integration of the intrinsic and extrinsic enteric neuronal systems in this condition.
